Parotid gland tumor; Functional MRI; Warthin's tumor; Decisional algorithm Abstract Purpose: Warthin's tumor is the second most frequent benign tumor of the parotid gland, with no risk of malignant evolution. That is why surgery should be avoided if the preoperative diagnosis is certain. The aim of the study was to assess the added value of a decisional algorithm for the preoperative diagnosis of Warthin's tumor.
Warthin's tumor is the second most frequent benign tumor of the parotid gland (the first one is pleomorphic adenoma) [1] . This parotidian tumor occurs most often in smokers [2] , in middle-aged and older men [3] . It is usually located at the inferior pole of the gland and multicentric occurrence is seen more often with Warthin's tumor than with any other salivary gland tumor [4] . Unlike pleomorphic adenomas, Warthin's tumor presents less than 1% risk of malignant evolution [5] . That is why surgery is not necessary when the preoperative diagnosis is certain and surgery should be avoided as often as possible because of the risk of facial nerve injury during surgery [6, 7] .
In this clinical context, when faced to a parotid gland tumor, MRI [8] [9] [10] [11] [12] and fine needle aspiration cytology (FNAC) are widely used before surgery [6, 13] . FNAC is the most cost effective and minimally invasive way to determine the histological character of a parotid gland tumor. But, it is not always conclusive because the material may be insufficient. Furthermore, in case of Warthin's tumor, which contains inflammatory cells, FNAC can be responsible for an inflammatory flare with pain and volume increase of the lesion [14] . On the other hand, MRI accuracy for the diagnosis of Warthin's tumor has never been clearly reported, since in most studies, the aim was to distinguish the difference between malignant and benign lesions, pooling pleomorphic adenomas and Warthin's tumors [8] [9] [10] [11] [12] . As far as we know, there is only one study about Warthin's tumor and its MR diagnosis value [15] , but the sensitivity and specificity of the technique are not reported in this study. That is why most surgeons are still going on surgical treatment for these benign tumors, despite of the risk of facial palsy [16] . Furthermore, to our knowledge, all the MR imaging studies tested the interest of anatomical sequences and/or functional sequences [8] [9] [10] [11] [12] , but no study tested the interest of the whole examination, including all the available MR imaging data, it means: morphology, signal, diffusion with apparent diffusion coefficient (ADC) map, and dynamic contrast-enhanced MR imaging with time-intensity curve pattern, in order to establish the value of MR imaging for the diagnosis of Warthin's tumor. We have published a decisional algorithm for the interpretation of parotid gland tumor MR imaging, taking into account all the MRI data, including functional data [17] .
The aim of the study was to assess the added value of our decisional algorithm for the preoperative diagnosis of Warthin's tumor.
Methods and materials Patients
Between January 2006 and December 2012, our MR imaging database was retrospectively queried to identify all patients who underwent contrast-enhanced MR imaging of parotid gland (n = 1039). Patients with no parotid gland abnormality (n = 901; most often these MR examinations corresponded to MR follow-up after surgery), with inflammatory disease (n = 6) or with incomplete MR imaging (n = 8) where excluded. Mainly cystic lesions (n = 3) were excluded because it was not possible to place a region of interest in a tissular part, and then diffusion and perfusion sequences could not be analysed. Lesions less than 10 mm in diameter were excluded (n = 2) because they corresponded to 
MR Imaging technique
MRI was performed with a 1.5 T Signa HDX MR System (GE Medical Systems, Waukesha, WI, USA) using a head and neck phased array coil. The acquisition protocol (Table 1) included conventional sequences (transverse T1-weighted fast spin-echo, transverse and coronal T2-weighted FR fast spin-echo), and functional sequences (transverse diffusion weighted images with b values of 0 and 1000s/mm 2 , and dynamic contrast-enhanced sequence in the transverse plane, after gadolinium chelate injection at a dose of 0.2 mL/kg via a power injector at a rate of 4 mL/s, followed by injection of 20 mL of normal saline to flush the tubing; images were obtained at a 3.6 s interval for 180 s). Finally, transverse and coronal T1-weighted fast spin-echo images with fat saturation were systematically acquired after injection of the gadolinium chelate.
MR image analysis
All exams were transferred to a workstation (ADW 4.2, GE Healthcare) and anonymized.
Two different radiologists with respectively 6 months and 8 years of experience in head and neck imaging, independently reviewed the images. Observers were blinded to MR imaging reports, clinical history, and results of pathologic examination.
Tumor side and size were recorded. Tumor margins were qualified: well defined tumor, lobulated tumor or irregular margins.
Signal analysis
On T1-weighted images, the signal intensity of the lesion was compared with the signal of the normal parotid gland parenchyma: low signal, iso-signal or high signal. We noted the homogeneous or heterogeneous character of the lesion. If high signal areas were present, we recorded the size of the high signal intensity zone: small spot or large area. On T2-weighted images, the signal of the lesion was compared with the signal of the normal parenchyma and with the signal of the cerebrospinal fluid on the posterior fossa: if the lesion signal was lower than normal gland parenchyma, the tumor signal was qualified as low signal; if the tumor signal was as high as the cerebrospinal fluid, it was qualified as high signal. Between these two categories, it was qualified as intermediary signal. The cystic component was defined as a tissue that showed high T1 signal intensity and/or did not enhance neither on perfusion sequence nor on late post-contrast images. By definition, the solid component showed enhancement after injection, on perfusion or late post-contrast images.
The DW images were analysed with the Functool Software (9.3.02e, GE Healthcare). On the apparent diffusion coefficient (ADC) map, 2 regions of interest (ROI) measuring 4 to 5 mm in diameter were placed: the first one in the solid component of the tumor and the second one in the normal contralateral gland. The ratio between the tumor ADC and the normal gland ADC was recorded.
The dynamic enhancement pattern was evaluated according to the Yabuuchi study [8] after positioning a 4 to 5 mm diameter region of interest in the solid part of the tumor: type A time-intensity curve corresponded to a gradual increase in the signal intensity, with a peak time longer than 120 s; in type B curve, time to peak was shorter than or equal to 120 s and the washout ratio [defined as follows: (SI max -SI 3 min)/(SI max -SI pre) × 100] was greater than or equal to 30%; in type C curve, time to peak was shorter than or equal to 120 s and the washout ratio was less than 30%. The only modification to the Yabuuchi protocol was a 3 min time sampling in our study compared with a 5 min time sampling in his study.
Lesion characterization
Tumors with irregular margins were considered as malignant tumors, and the algorithm was not used. For the other tumors, MR images were analysed according to our algorithm (Fig. 2) . Both readers characterized the lesions as Warthin's tumors or other diagnoses (pleomorphic adenomas and malignant tumors were pooled). For both readers, and for each MR data set, the time necessary for the analysis was recorded.
Statistical analysis
We presented results according to the STARD statement recommendations [18] .
The surgical pathologic findings (given by a pathologist with 15 years of experience in parotid gland tumors analysis) were used as the reference standard for the assessment of parotid tumors. For non-surgically-treated tumors, cytology (performed by a pathologist with a 23-year experience in parotid gland tumors cytology) associated with a oneyear clinical and MRI follow-up were used as the reference standard.
For both readers, sensitivity, specificity, accuracy, positive and negative likelihood ratios, and positive and negative predictive values for the diagnosis of Warthin's tumor were calculated. The 95% confidence intervals were calculated according to the efficient-score method described by Newcombe [19] . To assess between radiologists agreement, we used the Cohen's kappa coefficient.
Results

Population
We included 75 patients (33 women, 42 men) with a mean age of 52.1 years. Tumors were located in the right parotid gland for 44 patients and in the left parotid gland for 31 patients.
Histological results were obtained for 61 patients; the 14 remaining patients underwent fine needle cytology aspiration and at least one-year clinical and MRI follow-up. Among the 75 tumors, 20 were Warthin's tumors, 39 were 
MRI results
The mean time required for analysis of one data set for readers 1 and 2 was 6.1 min and 5.7 min, respectively. The Cohen's kappa coefficient between the two observers was 0.79 (P < 0.05) for the diagnosis of Warthin's tumor. The 2 by 2 diagnostic tables for each reader are shown in Tables 2 and 3 . The accuracy of the technique for the diagnosis of Warthin's tumor was 92% and 96% respectively, for readers 1 and 2.
For the first reader, sensitivity and specificity of the technique for the diagnosis of Warthin's tumor were respectively: 80.0% (95% CI: 55.7%-93.3%) and 96.4% (95% CI: 86.4%-99.4%). There were 2 false positive results of Warthin's tumor: one low grade malignant tumor and one basal cell adenoma. Positive and negative likelihood ratios were respectively 22.0 (95% CI: 5.5-87.2) and 0.2 (95% CI: 0.1-0.5).
For the second reader, sensitivity and specificity of the technique for the diagnosis of Warhtin's tumor were respectively: 85.0% (95% CI: 61.1%-96.0%) and 100% (95% CI: 91.9%-100%). There was no false positive result. Positive and negative likelihood ratios were respectively not computable and 0.15 (95% CI: 0.05-0.43).
In our population, where the prevalence of Warthin's tumor was 26.7%, positive and negative predictive values were respectively 88.9% (95% CI: 63.9%-98.1%) and 93.0% (95% CI: 82.2%-97.7%) for reader 1 and 100% (95% CI: 77.1%-100%) and 94.8% (95% CI: 84.7%-98.7%) for reader 2.
Discussion
This study showed the value, for the diagnosis of Warthin's tumor, of our decisional algorithm, taking into account all the available MR data, including morphological, signal and functional data: the time of analysis for each data set is very reasonable; there is a good inter observers correlation, allowing to radiologists with few experience in head and neck imaging to achieve a very satisfactory specificity for the diagnosis of Warthin's tumor, very similar to the specificity of an experienced radiologist. The very high specificity of this technique (96-100%) is very interesting because if the MR findings, according to our algorithm, are typical of a Warthin's tumor, the risk of error is very low, less than 4%. That means that the risk of avoiding a necessary surgery (for a malignant tumor or for a pleomorphic adenoma) is very low. This risk has to be compared with the risk of surgical complication: the most feared surgical complication is facial nerve injury with facial palsy. Most often, it is transient palsy, which is reported in 8-24% cases [20] . But it can also be permanent facial palsy, which is reported in 2-3% cases [21] . The high specificity of the technique for the preoperative diagnosis of Warthin's tumor means that there is a very low risk of false positive of diagnosis of Warthin's tumor. That is why we think that non-operative management of Warthin's tumors, when MRI findings are typical according to our algorithm, is a satisfactory option.
Reader 1 had 2 false positive results. The first one was a low grade malignant tumor, with no high T1 intensity zone, with an ADC ratio = 1.1. On the perfusion sequence, the washout ratio measured by reader 1 was 32%. For reader 2, the washout ratio was 29%. This difference was due to the ROI position. The second false positive result of reader 1 was a basal cell adenoma. It presented a large high T1 intensity zone. ADC ratio was 1.1. On the perfusion sequence, the washout ratio measured by reader 1 was 30%.
For reader 2, the washout ratio was 26%. This difference was also due to the ROI position. Furthermore, unlike typical Warthin's tumors according to Yabuuchi study, for both lesions, time-intensity curves presented for both readers a low decreasing slope after the peak. These data emphasize the need to pay much attention to the ROI position, and to be very careful if the washout ratio is barely 30% on the time-intensity curve. We think that the slope after the peak is an important data: Warthin's tumors, in our study and in Yabuuchi study, presented after the peak a high negative slope which was not present in these two cases. Further studies should focus on this.
The sensitivity of this technique for the diagnosis of Warthin's tumor was found to be 80-85%. That means that both readers did not identify all the Warthin's tumors with this algorithm. These patients would have undergone nonuseful surgery, but that is the most common management to date. As far as we know, this MR imaging sensitivity value for the diagnosis of Warthin's tumors is not reported in the literature since all studies, excepted Ikeda's study [15] , have pooled pleomorphic adenomas and Warthin's tumors into a global benign tumor group. Ikeda et al. [15] did not pool Warthin's tumor and pleomorphic adenomas, but they only reported average ADC values and washout ratios, without giving us neither threshold values nor specificity values.
The accuracy of our technique was found to be 92-96%. This value is higher than the accuracy value of FNAC, which is reported to be 74-81% [22, 23] . Hence, the risk of not performing a necessary surgical treatment after MRI is similar to the risk of error of FNAC [24] .
Furthermore, in Warhtin's tumors, FNAC may induce parotiditis, without any relation to infection [14] . That is why, according to Suzuki et al. [14] , we think that it may be better to avoid systematic FNAC when faced to a lesion strongly suspected to be a Warthin's tumor after a complete MR imaging interpreted with our algorithm.
Our study had some limitations. Firstly, we had only 20 Warthin's tumors; but this prevalence is similar to what is reported in literature [25] . Secondly, only 7 Warthin's tumors were histologically proved, the 13 remaining only underwent FNAC and at least one-year MRI follow-up. But, the FNAC diagnosis of Warthin's tumor is reliable [24] and when coupled with appropriate clinical findings and oneyear follow-up, the accuracy is very high [23, 24] . Thirdly, we excluded tumors with no diffusion or perfusion workable data; it means that mainly cystic lesions and lesions less than 10 mm in diameter were all excluded because it was impossible to place a ROI on a tissular part. Warthin's tumors can present as cystic lesions. So our results are not useful for all parotid gland tumors but only for supra centimetric noncystic lesions. In our study, these both categories of tumors represented 6.2% of the lesions (n = 5/80). Fourthly, we used the ADC ratio between the tumor and the contralateral normal gland, with our experimentally pre-established cut-off values. The ADC value of the normal gland can be modified by many factors, such as fat involution or acid consumption before the MR examination. But using the absolute ADC value, the results might be dependent on technical factors and might not be transferable to other institutions. Finally, the DCE sequence lasted for only 3 min, while in Yabuuchi study the cut-off value of 30% was defined after 5 min. But in our study the delay before the signal increase was only 20 s while in Yabuuchi study it was 60 s. It means that the difference was 80 s at the end of the sequence when the signal intensity decrease rate was very low, in both studies. We think that further studies should focus on the optimum delay for the calculation of the washout ratio, because some malignant lesions, with low signal intensity decrease, could present a washout ratio less than 30% 3 min after the contrast injection and more than 30% 5 min after the contrast injection. This may partially explain the very low number of false positive of Warthin's tumors in our study.
However, to our knowledge, this is the first report about the diagnostic value of a decisional algorithm, with functional MRI, for the diagnosis of Warthin's tumors.
Conclusion
In conclusion, our algorithm helps the diagnosis of Warhtin's tumor with MR imaging. The specificity of the technique is sufficient to avoid surgery when the parotid gland tumor presents all the MR characteristics of a Warthin's tumor.
